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increasing the resolution in some techniques. Already, various interpolation techniques based on the quadrature
signal have applied to the precision servo system. In this paper, we propose a new interpolation algorithm for
ultra-precision positioning in the low speed with simulation by MATLAB SIMULINK. This method modified
previous methods and was properly designed for some given control system. To verify, we first fulfilled the
encoder signal test to find main parameters for the signal transformation, then we proved the proposed
interpolation algorithm by experiments, which show that the result of the interpolation algorithm corresponds with
the measurement of the laser interferometer in 100 nm unit approximately. In addition, we can get more precise
measurement by more accurate and noise-free signal. So we need to compensate imperfections in the encoder
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Development of Ultra-precision Positioning Technology
Using High-resolution Interpolation Algorithm
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ABSTRACT

Recently, nano-methodology is increasingly important as the ruler for measuring nano-technology, and we
applied the linear encoder to nano-methodology. The quadrature output in the linear encoder has an effect on

signal. After that, we will apply this algorithm to nano positioning system.
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ADA,B = encoder signals after AD conversion ADy = gain for the signal transformation
AD g0z Bmax = maximum of encoder signals L, = gain for the position index
A-DA,,,,-,,_ Bmin = minimum of encoder signals Ia,/set = offset for the position index

A opset, Boysset = offset of encoder signals Q = quadrant with encoder signals
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Fig.1 Overview of the proposed interpolation algorithm
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Fig. 3 Encoder signals with the quadrant
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Table 1 Condition of the quadrantal decision

Quadrant A signal(x) B signal(y)
1 x=0 y>0
2 x>0 y<0
3 Xx=0 y<0
4 x<0 y=0
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Fig. 9 Total structure of the proposed interpolation
algorithm

Table 2 Range of parameters in the simulation

Parameters Specification
A/D conversion bit 16bit, =5 V
Sampling time 0.001 sec
Range of encoder signals 07125V
Movement 20 pm
Range of signal transformation -4096 ~ 4096
Range of Positoin index 0~ 4000
Range of Position vector 0~ 10000




o
o
ek
=
RN
of

col i : FEATFEIA A21E Az

3. 48 ®
3.1 AY3xo 74

PC tor interferometer

Fig. 10 Overview of the measurement system

Fig. 102 AAA 54 Ag9 FAHEE e
W ez ulejag Ayl 7|&E o] &3ty AgR
HE HA7E, AZHH vloja=2ddE AA
XY stage®] WAl FAo]Fo] sM53tn, ozt n|
Al 0] &2 Ztzte] FUo] dzme A5 Ao} ¥
o]z HAd Al 3 EF |} XY stage:= 0.1Hz 2
el AM&oz FEHY, dId AIE I16HE
DAQ(DT9804)R.=& B3 A/DEEH PCE Y
doh. HFTH o= #HolA A 53 AHE 7]
22 Agd A ¢ndFe 45L& FrhEo
Fig. 112 AAA 22 7€ AFFAE JehuiH,
F38 HolE $ol AZE 2% A o]FFX, A7)
el 9 =goln, n4 ol5& FH3E Y
Azl et #ojA HHAZ FAH Ut

Micro-step drive &

§ Laser interferometer i
Fig. 11 Real measurement system on the optical table

122

32 Mg % 24

E =®dAe gy A2 & Frlo 3
3 9 20um ©]FA EAHE A3 AFE
7o 2 Agsilen, nloj]az 2y 7S ofg
g XY stage®] 14 o] F A Aul Ao i HE
B7t7F olE B2 0.1 Hz9 A&oA Adysgo.
Fig. 2& £4¥ d39 A5& Yehid, 43 A
dag N5 HAEE T8 853 37 ¢ A
ARE o] g3ty F2 AFHE FdEvlEEL A3
g3ich 53] ko= 4TS gloy] f3y N
A A o]5HF 2 EH5E ¥F Fig 13
I e ANz A3E G o] A3E A
A AEAAHE AR AREFY olFHts A
o, Fig. 149} #2 ZIAE AU} 3-2-1-49] A)A
Wkl T3 o]Fdta o, 62 HIAE =
ofZL} M) ol FAEZ Q) AlR W] £1H o=
Wako] Wislsle AL #AY 4 Uk 2 o] F 4
FAAE oz XY AAF L 53 Fig
159 o] XA 9} T AXNHEHE 7 + 9
on, o223 @ AXNHEF Ago] old s
Heol 348 #2d § At ole AlaH”o| vlo]
Az 2R 9§ 251EEH Ho= YEvtes 4
ojm Alztel] we} 37t AL WlEy] O E
of HAET HEFFHoE YAAA AAFAHNA=
Fig. 167} Zro] Z}Z} 3 o) X dE, 3 F7]
el X e, d4 AXEEE 7 5 o,
AASAHLE AA JXHAEE do|gg wdggez
A D& F Ak Fig. 17 Au) SuEdEFEL )
HFH o2 &7 ol5AE ) oA AN 4
FE Vb #olx ARl AE 9B 2x,
37 2HE, % 59 FHAEAA dFE 0]
wEo] AAZHOE 20nm ©)5¢) AL A FTAE
A FREE ook webA, 20nm o]/de
NE FAste Aol BlFAol Aty wds)
), 100nm 992 SHE AHE A3 S
golA A AIe EH A} AU o] & &
7t A9 dAEE AL A & 5 YSUh
A, Aetd mAul gz Fol 100+£50nm @
Bills g 7HRY, ol 20pm ©oiel da
12005t Aot} A= dAAHez A3y
xolz, §dAE, IEWsle] oz U
A5S S7HA7]E dde FAE 7MAH,
FEAol MAEGA vy FA4d RgsS
Rog 7)1 gc}

o
fo g

3R

onl
o

o

| (8

ne fol ox fob fob do H o
go 1o Mz fo g fo U my



Fig. 12 Encoder signals of 20 im movement
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Fig. 14 Result of the phase detection process
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Fig. 15 Result of the phase encoding process
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